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» Grouping chemicals for mixture risk prediction

» Extrapolations to environmental exposures

> In the absence of mixture data

» Using the index chemical, relative potency factor approach
> Is 1t dose addition or response addition (independence)?

» Grouping misclassification effect on mixture risk
prediction

> What can go wrong?
> How bad 1s 1t?

> Can we fix 1t?
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» Toxicologic similarity groups for dose addition
> Similarity of toxic action

» Common key dose-additive process
» Not necessarily the full MOA/AOP

» Independent action groups
» Completely independent MOA (still the same endpoint)

> No shared key events
» Dose addition within, response addition across (integrated addition)
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IC RPF = index chemical, RPF dose addition model
Assumes constant relative potency

Probyix = f(XiL1d; - RPF, 0¢)
Probp, = f(d,c + d, - RPF, + d, - RPF, ...+ d, - RPF,,6,¢)

IC = index chemical
RPF = relative potency factor

RPF. = EDx,.. + EDx.

1

EDx = effective dose associated with response x
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» Getting the RPF wrong

» Assigning a compound to the wrong dose-additive

group
» Failing to allow for differently-shaped dose-response
curves

Mistaking dose additivity for response additivity

Failing to account for different control values

Improper application of effect summation

-
-
» Failing to account for partial agonists
>
>

Low-dose extrapolation
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Response
probability

Chemical components of mixture
Weibull power = 1
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2-chemical mixture of equal doses
[Chem2]:[Cheml] =1
Weibull power = 1
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2-chemical mixture of equi-toxic doses
[Chem2]:[Cheml] = 100
Weibull power = 1
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Response

probability

Chemical components of mixture

Weibull power = 2
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2-chemical mixture of equi-toxic doses
[Chem2]:[Cheml] = 100
Weibull power = 1
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2-chemical mixture of equal doses
[Chem2]:[Cheml] =1
Weibull power = 2
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10-chemical mixture of equi-toxic doses
[Chem?2]:[Chem1] = 10
Weibull power = 2
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» Same shape required (mathematically) for constant relative
potency at all doses and full applicability of IC RPF model

» Different shape does not mean dose addition does not apply (as
previously interpreted by many)

» High-dose non-proportionalities in the toxicokinetics, but
additivity at a common molecular initiating event (MIE)

» Failing to allow for differently-shaped dose-response curves can
result in potentially significant error when using the IC_RPF
method

» Assuming same shape when they are different
> Assuming different shapes when they are the same

> Mistaking dose additivity for response additivity 18
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» Simple similar action at the MIE
» Proportionality in toxicokinetics & toxicodynamics
» RPF-scaled external doses are additive (constant relative potency)
' ” e .
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NSE SHAF

» Simple similar action at the MIE
» Non-proportionalities in toxicokinetics
» RPF-scaled external doses are not additive (non-constant relative potency)
» Predicted mixture risk dependent on choice of IC (Chen et al., 2003)
» Addition of internal component doses
2 PP
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Response probability
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dashed lines = component dose-response curves
solid lines = mixture dose-response curves
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Response probability

1.0

0.8

dashed lines = component dose-response curves
solid lines = mixture dose-response curves
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Two component mixture: component dose-response
shape parameters are 2-fold different

0.1

0.01

Response (probability)
0.001

0.0001

24

ED_012964_00011657-00024




]
po
e,
b

e

ey
B

B

7y
i
e
ponbnnt

s

B,
et
o
o
&

B

prsort

ek
-

o

F
St
P,

e

o s

prsort
g
s
“oast?
s

S

P
g

23

perats
e,
Sonit

ek

—"

]

e
P
P
oo
.
wad
B
et f
> g

=

el
“
oo

ot

gt
Yot
ey

e
L)

—

perath

p—]
pr—
st
51

S

perats

v g
P
o
e
R
o

i
Pty

et
ognrnrasd,

]

74
\e\\

et

prsor

&
4

it

P
s

G

Far
R

G
i
Yt
oo

fd

st
b

S

perats

)

P
o gy
P

%

W
i

7
i

o s

o

e
.c\\\

]

e

e
e
f
P

ot

@ g
]

%

]

]

-
S
Py

ponid

3

perats

ey
ot

i
s
e
o
e

o
7

St

]
]

5,

Gt

Spreiend;
e
P
s

@ oo
o

wgnrnrasd]
e,

o
F
St
po

e

onn

prsor

o

Sonit

25

ED_012964_00011657-00025




» The case of differently-shap
response curves (DRCs)
> If one assumes Bliss “dilution” concept applies to both
toxicokinetics and toxicodynamics
» The case of different MIEs

» Could be assumed to be evidence for total independence of
toxicodynamic pathways

mponent dose-

» Result 1s likely to be under-predictive
» Except for thresholds

26
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» Could be assumed to be evidence for total independence of
toxicodynamic pathways

> Result 1s likely to be under-predictive

2/
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» Often mterpreted as definitive for independence and
use of response addition

» Dose addition, however, can apply for downstream
concentrations of common or similarly-acting products
in the toxicodynamic pathways (shared dose-additive
cvent).

> Hormone-driven outcomes (androgen insufficiency; Rider et al.,
2010)

» Reactive oxygen species toxicity (PaH’s ?)
> lon channel blockers (Norberg & Wahlstrom, 1988 ?)

28

ED_012964_00011657-00028




Lo e B Independent MIE

B protein receptol ,‘ suggests response
fndenendent : o, w ' :
* addition may apply

protein

§ conversion of
T4=»T3

Biliary clearance
of T4

Pathway
convergence at
“dose”-additive
process may allow
for dose addition

Thyroid

Modification of Lambert and Lipscomb (2007)
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> Grouping for dose additivity starts with similarity of toxic
action
» Key dose-additive event 1s required, but does not have to be the MIE
» Dose addition can still apply with dissimilar dose-response
curve shapes
» IC RPF model 1s impacted adversely
» Dose addition can still apply with independent MIEs

> Downstream toxicodynamic pathway convergence

» Grouping errors can be substantial but could be “diluted” out
with large number of chemicals

» Low-dose extrapolation 1s a major i1ssue
» Need a way to predict dose-response shape below the tested range (other
than mathematical speculation)
» How about some of that 215 Century Toxicology?
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